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@ Blood-treating material. 

0f) The present invention provides (1) a blood-treating 
material comprising a lipopolysaccharide derived from cell 
wails of Gram-negative bacteria and immobilized by an 
Insoluble carrier containing an amino group or a carboxyl 
group and (2) a process for producing the blood-treating 
material characterized by reacting a condensing agent with 
a mixture of the lipopolysaccharide and the insoluble car- 
rier. 

Lipopolysaccharides have been known to have antitu- 
mor effects against malignant tumors. However, they could 
not be used safely, since their fatal doses are very close to 
the minimum effective doses in the treatment of the tumors. 

The present invention makes it possible to reduce the 
lethal toxicity of the above-mentioned lipopolysaccharides 
and provide a new blood-treating material that can be used 
safely for therapy of cancer, because this blood-treating 
material has antitumor effects similar to those of the lipo- 
polysaccharides derived from cell walls of Gram-negative 
bacteria but no fatal effects. 
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BLOOD -TREATING MATERIAL 

Field of the Invention 

This invention relates to a blood- treating material having 
, antitumor effect 

Description of the Prior Art 

The most frequent cause of death in developed countries 
is cancer. However, powerful carcinostatic agents have not 
been found yet, unlike antibiotics for infectious diseases. 

Lipopolysaccharides derived from cell walls of Gram- 
negative bacteria are substances called "endotoxins" or 
"pyrogens". It has been known that the lipopolysaccharides 
have harmful effects such as pyrogenic effects , Shwartzman 
activity and lethal toxicity. It has also been known that they 
have antitumor effects against malignant tumors. 

Substances having anti-tumor effects are noticeable, since 
specific remedies for malignant tumors have not been developed 
yet* However, the lipopolysaccharides cannot be used safely, 
since their fatal doses are very close to the minimum effective 
doses in the treatment of the tumors. 

Summary of the Invention 

The present invention provides (1) a blood-treating 
material comprising a lipopolysaccharide derived from cell 
walls of Gram-negative bacteria and immobilized by an insoluble 
carrier containing an amino group or a carboxyl group and (2) a 
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process for producing the blood-treating material characterized 
by reacting a condensing agent with a mixture of the lipopoly- 
saccharide and the insoluble carrier* 

The present invention makes it possible to reduce the 
lethal toxicity of the above-mentioned lipopolysaccharides and 
provide a new blood-treating material that can be used 
safely for therapy of cancer, because this blood-treating 
material has antitumor effects similar to those of the 
lipopolysaccharides derived from cell walls of Gram-negative 
bacteria but no fatal effects. 

Detailed Description of the Invention 

The lipopolysaccharides derived from cell walls of Gram- 
negative bacteria herein are lipid-polysaccharide complexes or 
lipid-polysacchari de-protein complexes localized in outer layers 
of cell walls of Gram-negative bacteria including Gram-negative 
cocci such as Neisseria gonorrhoeae, Gram-negative aerobic 
bacilli such as Pseudomonas aeruginosa, Brucella abortus and 
Bordetella pertussis and Gram-negative facultative anaerobic 
bacilli such as Escherichia coli, Salmonella typhi. Shigella 
dysenteriae Klebsiella pneumoniae, Serratia marcescens, Proteus 
vulgaris. Yersinia enterocolitica and Vibrio cholerae. These 
lipopolysaccharides can be extracted from the Gram-negative 
bacteria by known processes. As typical processes, there may 
be mentioned those of phenol-water extraction ( Otto 
Westphal et al., Z. Naturforsch. , 7B: 148-155(1952)), 
trichloroacetic acid extraction (A. Boivin and L. Meserobeanu, 
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Comp. Rend. Soc. Biol., 128 , 5 (1938)), butanol extraction 
{D.C.Morrison and L. Leive, J. Biol. Chem. 250 , (3) 2911 
(1975)) and ethylenediamine-tetraacetic acid-water extraction 
(L. Leive et al., J. Biol. Chem., 243 , 6384 (1968)). From the 
viewpoint of easiness of the immobilization, it is preferred 
that the lipopolysaccharides have a protein content of 0.1 to 
50%, particulary 1 to 20%. The molecular weights of the lipo- 
polysaccharides vary depending on the measuring method and 
conditions generally in the range of several thousands to 
several millions, since their molecules are liable to associate 
with each other. 

The insoluble carriers herein involve substantially 
insoluble carriers having a primary, secondary or tertiary amino, 
group, a quaternary ammonium group or a carboxyl group which 
yield no eluate under the conditions of practical use. 

The insoluble carriers used in the present invention 
include, for example, (1) polystyrene or styrene/divinylbenzene 
copolymer in which a substituent having a primary , secondary or 
tertiary amino group, a quaternary ammonium group or carboxyl 
group has been introduced into the aromatic nucleus, (2) the 
same carrier as in the above item (1) but containing methylene- 
crosslinked or sulf one-cross-linked polystyrene used in 
place of the polystyrene, (3) acrylic acid/acrylonitrile 
copolymer, (4) acrylic acid/styrene copolymer, (5) nylon 6, (6) 
nylon 6.6, (7) polyethylene terephthalate, (8) carboxyl 
group-containing insolubilized cellulose and (9) aminoethylated 
cellulose . Among them, carriers containing a vinyl polymer as 
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the backbone polymer and particularly those containing a styrene 
polymer as the backbone polymer are preferred, since they have 
high acid and alkali resistances. 

The forms of the insoluble carriers are not particularly 
limited provided that they have an adequate surface area and a 
sufficient mechanical strength to withstand an external force 
during their use. Generally, they are used in the form of 
granules, fibers, hollow filaments and membranes. 

According to the present invention, the lipopolysaccharide 
may be immobilized by the insoluble carrier by any process 
wherein the condensation reactivity of the amino or carboxyl 
group of the insoluble carrier is utilized. The process is not 
particularly limited, m a typical embodiment of the process, 
(1) a condensing agent for peptide synthesis is added to a 
mixture of the insoluble carrier and an aqueous solution of the 
lipopolysaccharide, or (2) a carboxyl group-containing 
insoluble carrier is treated with N-hydroxysuccinimide or 1- 
hydroxybenzotriazole. Then the condensing agent for peptide 

synthesis and then the carrier is mixed with the lipopoly- 
saccharide solution. 

As the condensing agent for the peptide synthesis, there may be 
mentioned I-ethyl-3- (3-dimethylaminopropyl) carbodiimide , 1- 
cyclohexyl-3- (2-morpholinoethyl) -carbodiimide metho-p- 
toluenesulfonate, N^'-dicyclohexylcarbodiimide and Woodward 
reagent K. 

As for the density of the lipopolysaccharide immobilized 
by the insoluble carrier in the present invention, it is 
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desirable to immobilize at least 10 pg, more preferably. 1 ng; of 
. the lipopolysaccharide per square meter of the surface area of 
the carrier, since if the immobilization density is too low, a 
large amount of the carrier is required. Accordingly, when the 
insoluble carrier has a surface area of 0.01 to 100 m 2 /g, it is 
preferred that at least 0.001, particularly 0.01, more 
preferably 0.1 milliequivalents/g of the primary or secondary 
amino group or carboxyl group is contained therein. 

The blood-treating material of the present invention may 
be used in such a way that it is charged in an extracorporeal 
circulation column and contacted with the whole blood or blood 
plasma continuously or intermittently or, alternatively, the 
blood-treating material is charged in an injector, then the 
whole blood or plasma is sucked therein and the resulting 
mixture is returned into the body. 

The following examples further illustrate the present, 
invention . 



Example 1 

Preparation of insoluble carrier 

50gof an islands-in-sea type composite fiber (having 16 
islands, single fiber titre of 2.6 den, tensile strength of 
2.9 g/den, elongation of 50%) comprising 50 parts of a 
polypropylene (Mitsui "Noprene" J3HC) as an island component 
and a mixture of 46 parts of a polystyrene ("Styron" 666) and 4 
parts of a polypropylene (Sumitomo "Noprene WF-727-F) as an 
island component were immersed in a mixed solution of 50g of N- 
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methylol-^chloroacetamide, 400g of nitrobenzene, 400g of 98% 
sulfuric acid and 0.85g of paraformaldehyde to carry out a 
reaction at 20 °C for 1 h. The fiber was taken out from the 
reaction liquid and thrown into 5 1 of ice/water at 0»C to 
terminate the reaction. The fiber was washed with water and 
then nitrobenzene was removed from the- fiber by extraction with 
methanol. The fiber was dried at 50 °C in vacuum to obtain 71 « 
of chloroacetamidomethylated fiber. Then, 4Gg of the fiber were 
immersed in ethylenediamine at 15 °C and a reaction was carried 
out at 15 to 20 »C for 24 h to obtain ethylenediaminoacetamido- 
methylated fiber. The fiber containing 1.8 mmol/g of an 
ethylenediamine group had primary and secondary amino groups 
but did not have tertiary nor quaternary amino group. The 
fiber had a water content of 1.0 g per gram (1.0 g) of the dry 
fiber at pH 7.4. Under this condition, the single yarn 
diameter was 40 to 44 urn. 

Preparation of the blood treating material 

32 g of the above-mentioned amino group-containing - 
polystyrene fiber were swollen by immersing the same in 300 ml 
of water for a whole day and night. The fiber was then mixed 
with 500 ml of a 0.4 mg/1 aqueous solution of a 
lipopolysaccharide obtained from Escherichia coli 055 :B5 (a 
product of nifco Laboratories Co.; obtained by extraction with 
trichloroacetic acid; the protein content is 10%). 
Then, 5.0g of l-ethyl-3- (3-dimethylaminopropyl) carbodiimide 
were added thereto in portions while the pH of the mixture was ' 
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maintained at 4.5 to 6.0 with IN hydrochloric acid and IN 
sodium hydroxide. A solution thus obtained was shaken at room 
temperature for 2 days. The fiber was taken out and washed 
with 1 1 of water three times. The fiber was then immersed in 
1 lof boiling water for 30 min. This immersion was repeated 
three times. The fiber was washed with a 0.0 7M phosphate 
buffer solution ( P H 7.4) till the P H of the wash solution 
became 7.4 to obtain the fiber onto which the 
lipopolysaccharide was immobilized. 

The concentrations of the lipopolysaccharide in the 
immobilization mother liquor and the wash solution were 
determined by phenol/sulf uric acid method (wherein 5 ml- of 
concentrated sulfuric acid was added to a mixture of 1 ml of 
the sample and 1 ml of a 5% aqueous phenol solution and the 
absorbance of the mixture at 485 nm was measured) . The amount 
of immobilized lipopolysaccharide was estimated from that of 
lipopolysaccharide remaining in the mother solution. 

The amount of the immobilized lipopolysaccharide was- 5.0 

mg/g. 

0.6 g of the above-mentioned lipopolysaccharide- 
immobilized fiber were washed with 200 ml of isotonic sodium 
chloride solution according to the Japanese Pharmacopoeia and 
then immersed in 50 ml of the same solution. The resulting 
solution was heated to 38»C for 3 h. Thereafter, the amount 
of the lipopolysaccharide in the isotonic sodium chloride 
solution was determined by the Limulus-Pregel method. The 
amount was below 1 ng/ml. 
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A biological test of the blood-treating material 

-Fibrosarcoma MC-BL was induced in BALB/C mice by 
inoculation with methylcholanthrene. Five hundred thousand 
tumor cells were taken and subcutaneous ly injected into the 
backs of BALB/C mice to obtain tumor-bearing mice. The tumor 
grew into a size of 2.1 mm diameter 5 days after the 
inoculation, 6.3 mm 10 days thereafter and 8.9 mm 12 days 
thereafter .. 

0.6 g of the above-mentioned lipopolysaccharide- 
immobilized fiber (containing 1.0 mg of the lipopoly saccharide) 
prepared in Example Iwere immersed in 20 ml of human plasma at 
37°C for 180 min. The plasma was given to the tumor-bearing 
mice by intravenous injection 11 days after the inoculation 
(tumor diameter: 7 mm) , 13 days and 15 days after the 
inoculation in an amount of 0.5 ml each time. In one mouse in 
total 10 mice, the tumor was completely necrotized and 
disappeared. In the balance (9 mice) , a remarkable softening 
of the tumor was recognized. The same experiments as above 
were carried out using 10 ml of human plasma treated at 56 °C 
for 30 min as a control. In the latter case, necrosis, 
softening or bleeding of the tumor was not observed at all. 

Example 2 

0*4 g of the lipopolysaccharide-immobilized fiber (2.0 mg 
of lipopoly saccharide) prepared in Example Iwere immersed in 40 
ml of plasma obtained from 100 BALB/C mice at 37°C for 180 min. 
The plasma was given to the tumor-bearing mice obtained in the- 
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same way as in Example 1 by intravenous injection 11, 13 and 15 
days after the inoculation in an amount of 1.0 ml each time, 
in one mouse in total 10 mice, the tumor disappeared 
completely. In the rest (9 mice), a remarkable softening of 
the tumor was recognized. 

Example 3 

0.2 g of the lipopolysaccharide-immobilized fiber prepared 
in Example 1 were immersed in 20 ml of human plasma at 37°C for 
180 min. 0.5 ml portions of the plasma were mixed with 2.5 ml 
portions of human plasma. The mixture was given to the tumor- 
bearing mice obtained in the same way as in Example 1 by 
intraperitoneal injection 11, 13, 15, 17 and 19 days after the 
inoculation. The tumor disappeared completely in 2 mice in 
total 7 mice. 

Example 4 

Tumor-bearing rabbits were obtained by intradermal 
injection of 5xl0 5 VX2 tumor cells (suspended in 0.3 ml of 
phosphate buffered saline containing 10% fetal calf serum) into 
the backs of New Zealand White rabbits (male) . 

Blood-treating columns were prepared by filling 0.8 g of 
bundled blood-treating material or carrier obtained in the same 

way as in Example 1. 

Tumor-bearing rabbits underwent extracorporeal 

perfusion through the above mentioned columns at a flow rate of 
15 ml/min for 90 minutes via cannulation of the carotid artery 
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and the jugular vein under anesthesia (with sodium 
pentobarbital intraperitoneal injection) 5 days' after 
inoculation. Heparin (500 U/kg-bodyweight of rabbit) was added 
into the circuit at the beginning of the perfusion. 
Thereafter, the weight of the rabbits and the size of the tumor 
were examined. Nine tumor-bearing rabbits (group 1) were used 
for the blood-treating material and five (group 2) were used 
for the carrier. Six tumor-bearing rabbits (group 3) were 
observed without extracorporeal perfusion. 

The size of the tumor was calculated by the equation: the 
diameter of the tumor= (ab) h where a and b is the longest 
diameter of the tumor and the rectangular one to it 
respectively . 

Changes of tumor-size and weight of rabbits were shown in 
Table I and II respectively. 

From these results, it is indicated that the blood treating 
material of the present invention is effective for increasing 
the weight of the tumor-bearing rabbit as well as for 
decreasing the tumor size. 
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TABLE I 

average diameter of. the tumors (mm) 



group 




time 


after 


inoculation 


(day) 




or raDDits 
















5 


10 


15 


20 


25 


30 


35 


1 


9.3 


10.5 


11.0 


12.5 


9.2 


7.5 


7.6 


2 


9.2 


11.0 


14.8 


18.2 


23.1 


40.3 


55.5 


3 


9.0 


13.5 


17.6 


20.3 


25.3 


40.9 


57.1 



TABLE II 
average weicrht of rabbits (kg) 

group time after inoculat ion (day) 
of rabbits " rf ■■ 

JL JL- 10 15 20 25 30 35 40 45 50 

1 2.17 2.15 2.06 2.10 2.23 2.34 2745 2^51 2760 2772 2779 

2 2.25 2.23 2.10 2.10.2.11 2.10 2.06 2.03 1.94 1.89 1.82 

3 2.27 2.25 2.22 2.24 2.32 2.38 2.35 2.40 2.23 2.07 1.90 



Example 5 

Preparation of insoluble carrier 
10 g of the same chloroacetamidomethylated fiber as in Example 
1 were immersed in 300 ml of a 50% aqueous dimethylamine 
solution and heated to 40 °C for 10 h. 

The fiber was washed thoroughly with water to obtain 
dimethylaminoacetamidomethylated polystyrene fiber. 
The product had an ion exchange capacity of 2.68 
milliequivalents/g. it showed a water content of 2.4 in a 0.07M 
phosphate buffer solution of pH 7.4. The water content was 
determined by swelling the fiber sufficiently, dehydrating the 
fiber by centrifugation, measuring its wet weight (Wj) and 
calculating the value according to the following equation: 
Water content = (W 1 /W (> )-1 
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wherein Wj_ has the same meaning as above and w Q is the dry 
weight of the fiber. 

Preparation of the blood- treating material 

6g of the above-mentioned tert-amino group-containing 
polystyrene fiber were immersed in 600 ml of a 0.07M phosphate 
buffer solution for a whole day and night to swell the fiber. 
The fiber was then mixed with 100 ml of 0.4 mg/ml aqueous 
solution of lipopolysaccharide obtained from Escherichia coli 
055 :B5 (product of Defco Laboratories Co.; obtained by 
extraction with trichloroacetic acid; protein content 10.0%). 
The obtained mixture was shaken at room temperature for 2 days. 
The fiber was taken out and washed with 200 ml of water three 
times. The fiber was then immersed in 200 ml of boiling water 
for 30 min. This immersion was repeated three times. The 
fiber was washed with a 0.07M phosphate buffer solution (pH 
7.4) till the pH of the wash solution became 7.4 to obtain a 
fiber onto which the lipopolysaccharide was immobilized. 

The concentrations of the lipopolysaccharide in the 
immobilization mother liquor and the wash solution were 
determined by phenol/ sulfuric acid method. 

It was revealed that the amount of the lipopolysaccharide 
immobilized was 3.0 mg/g. 

0.6 g of the above-mentioned lipopolysaccharide- 
immobilized fiber were washed with 200 ml of isotonic sodium 
chloride solution and then immersed in 50 ml of the same 
solution. The resulting solution was heated to 38°C for 3 h. 
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Thereafter, the amount of the lipopoly saccharide in the 
isotonic sodium chloride solution was determined by the 
Limulus-Pregel method. The amount was up to 1 ng/mA. 
A biological test of the blood- treating material. 

Fibrosarcoma MC-B1 was induced in BALB/C mice by 
inoculation with methylcholanthrene . 5xl0 5 tumor cells were 
taken and subcutaneously injected into the backs of BALB/C mice 
(10 weeks old) to obtain tumor mice. The tumor grew into a 
size of 2.1 mm diameter 5 days after the inoculation, 6.3 mm 10 
days thereafter and 8.9 mm 12 days thereafter. 

1.2gof the lipopolysaccharide-immobilized fiber 
(containing 1.2 mg of the lipopoly saccharide) prepared above 
were added to 60 ml of BALB/C mouse serum. The mixture was 
shaken at 37 °C for 180 min and centrifuged to separate a 
supernatant liquid (activated serum) . 

21 tumor-bearing mice were divided into three groups 9 
days after the inoculation, each group consisting of 7 mice. 
0.5 ml of the activated serum diluted with 2.5 ml of isotonic 
sodium chloride solution were given to the mice of a first group 
by intravenous injection once a day for 5 days (5 times). 0.5 
ml of the activated serum diluted with 2.5 ml of the isotonic 
sodium chloride solution were given to the mice of a second 
group by intraperitoneal injection at intervals of 2 h 5 times 
in total, the mice in a third group were not treated at all. 
9 days and 45 days after the inoculation, the average tumor 
diameters were 4.7 mm and 23.3 mm in the first group, 4.7 mm 
and 20.5 mm in the second group and 4.8 mm and 29.0 mm in the 
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third group. The number of the mice in which a reduction of 
the tumor was recognized was 2 in 7 mice in the first group, 4 
in 7 mice in the second group and 0 in 7 mice in the third 
group. The number of completely cured mice was 0 in the first 
and the third groups and 2 in the second group. 

Example 6 

Preparation of insoluble carrier 

lQg of the -same chloroacetamidomethylated fiber as in 
Example 1 were immersed in 300 ml of a 90% aqueous ethanol 
solution containing 10 g of potassium iodide. After heating at 
50 °C for 3 h / the fiber was washed with water and ethanol to 
obtain iodoacetamidomethylated fiber. Then, the fiber was 
immersed in a liquid mixture of 50 ml of triethylamine and 50 
ml of water and heated to 50 °C for 15 h. The fiber was washed 
with water, IN- sodium hydroxide, water and a 1M aqueous common 
salt solution successively to obtain triethylammonium-acet- 
amidomethylated polystyrene fiber. The fiber had a neutral 
salt decomposing capacity of 1.56 milliequivalents/g, total ion 
exchange capacity of 1.65 milliequivalents/.g and water content 
(pll 7.4) of 1.2. 

Preparation of blood-treating material 

3 g of the above-mentioned tertramino group-containing 
polystyrene fiber were immersed in 300 ml of isotonic sodium 
chloride solution for a whole day and night to swell the fiber. 
The fiber was then mixed with 50 ml of a 0.4 rag/ ml aqueous 
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solution of a lipopolysaccharide obtained from Escherichia coli 

055 :B5 (a product of Difco Laboratories Co.; obtained by 

extraction with trichloroacetic acid) . The obtained mixture 

was shaken at room temperature for 2 days. The fiber was taken 

out and washed with 100 ml of water three times. The fiber was 

then immersed in 100 ml of boiling water for 30 min. This 

immersion was repeated three times. The fiber was charged in a 

i 

15 mm chromatographic column and washed with 6ljOf water to 
obtain lipopolysaccharide-immobilized fiber. The amount of the 
immobilized lipopolysaccharide was 4.0 mg/g-fiber. 

0.6 g of the lipopolysaccharide-immobilized fiber were 
washed with 200 ml of isotonic sodium chloride solution 
according to the Japanese Pharmacopoeia and then immersed in 50 
ml of the isotonic sodium chloride solution. The resulting 
solution was heated to 38°C for 3 h. Thereafter, the amount 
of the lipopolysaccharide in said solution was determined by 
the Limulus-Pregel method. The amount was up to 1 ng/ nil. 

A biological test of the blood treating material 
20 ml of BALB/C mouse serum were mixed with 0.4 g of 
above-mentioned blood-treating material. 

The mixture was shaken at 37 °C for 60 min and centrifuged 
to separate a supernatant liquid (activated serum) • 

Thirty tumor-bearing mice (9 days after the inoculation 
with the tumor cells) were obtained in the same manner as in 
Example 1. The mice were divided into three groups, each group 
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consisting of 10 mice. 

The activated serum diluted with 2.5 ml of .isotonic sodium 
chloride solution was given to the mice of a first group by 
intraperitoneal injection 5 times at intervals of 2 h. 
3 ml of the isotonic sodium chloride solution were given to 

the mice of a second group by intraperitoneal injection 5 times 
at intervals of 2 h. The mice in a third group were not 
treated. Nine days and 45 days after the inoculation, the 
average tumor diameters were 4.9 mm and 18.8 mm in the first 
group, 4.7 mm and 22.0 mm in the second group and 4.9 mm and 
23.6 mm in the third group. The number of the mice in which a 
reduction of the tumor was recognized were 5 in 10 the first 
group, and 0 in 10 mice in the second and the third groups. The 
number of completely cured mice was 0 in the second and the 
third groups and 2 in the first group. 
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What we claim is: 

1. A blood-treating material comprising a lipbpolysaccharide 
derived from cell walls of Gram-negative bacteria and 
immobilized by an insoluble carrier containing an amino group 
or a carboxyl group* 

2* The blood-treating material according to claim l f wherein 
the content of the amino group or the carboxyl group is from 
about 0.1 to 5.0 meq/g of the insoluble carrier* 

3. The blood-treating material according to claim 1, wherein 
the insoluble carrier contains an amino group and a carboxyl 
group . 

4. The blood-treating material according to claim 1 wherein 
the insoluble carrier is comprised of aromatic polymeric 
material containing an aliphatic amino group or a carboxyl 
group as the substituent on the aromatic nucleus, 

5. The blood-treating material according to claim 1 wherein 
said material is in the form of a fiber or a film. 

6. A blood-treating material according to claim 5, wherein 
said fiber is in the form of non-woven fabric , paper f woven 
fabric or knitted fabric . 

7. The blood-treating material according to claim 1, wherein 
the amount of the immobilized lipopoly saccharide derived from 
cell walls of Gram-negative bacteria is at least 1 mg per 
square meter of the surface area of the blood- treating material. 

8. A process for preparing a blood-treating material 
characterized by reacting a condensing agent with a mixture of 
lipopoly saccharide and an insoluble carrier having at least 
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one group selected from the group consisting of a primary or 
secondary amino group or a carboxyl group. 

9. The process according to claim 8, wherein said condensing 
agent is at least one compound selected from the group 
consisting of l-ethyl-3- (3-dimethyl aminopropyl) carbodiimid, 
l-cyclohexyl-3- (2-morpholinoethyl) -carbodiimide , 1-cyclohexyl- 
3- (2-morpholino-ethyl) -carbodiimide metho-p-toluenesulfonate / 
N,N'-dicyclohexyl-carbodiimide and Woodward Reagent K. 

10. The process according to claim 8, wherein said 
insoluble carrier having carboxyl group is activated by at 
least one compound selected from the group consisting of N- 
hydroxy succinimide , N-hydroxy-5-norbornene-2 . 3-dicarboximide 
and 1-hydroxybenzotriazole. 
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With reference to our request for grant of a European Pa- 
tent, we enclose in triplicate four new pages (pages 1, 
5, 13 and 18) to replace the corresponding pages of the 
application documents as filed on October 4, 1983. 

On pago 3b lino 12 % — "Shwartzman" h as be e n am e nded -to read 

"Schwartaman"; on page 5, lino 15, "mixture", hao boon amen - 
ded to ' read — "liquid"; — on page — 13 » ; lino 20 - , — "intravonous" 
hac boon — amended — fce — r - oad "intraperiton e al* - 1 ■■■ (supported fr y 
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one group selected from the group consisting of a primary or 
secondary amino group or a carboxyl group. 

9. The process according to claim 8, wherein said condensing 
agent is at least one compound selected from the group 
consisting of l-ethyl-3- (3-dimethyl aminopropyl) carbodiimide, 
l-cyclohexyl-3- (2-morpholinoethyl) -carbodiimide , 1-cyclohexyl- 
3- (2-morpholino-ethyl) -carbodiimide metho-p-toluenesulf onate, 
N,N'-dicyclohexyl-carbodiimide and Woodward Reagent K. 
10. The process according to claim 8, wherein said 
insoluble carrier having carboxyl group is activated by at 
least one compound selected from the group consisting of N- 
hydroxysuccinimide, N-hydroxy-S-norb.rnene-Z.a-dicarboximide 
and l-hydroxybenzotriazole. 
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Description 

This invention relates to a blood-treating material having antitumor effect 
The most frequent cause of death in developed countries is cancer. However, powerful carcinostatic 
5 agents have not yet been found, unlike antibiotics for infectious diseases. 

Lipopolysaccharides derived from cell walls of Gram-negative bacteria are substances called 
"endotoxins" or "pyrogens". It has been known that the lipopolysaccharides have harmful effects such as 
pyrogenic effects, Schwartzman phenomenon and lethal toxicity. It is also known that they have antitumor 
effects against malignant tumors. 
jo Substances having anti-tumor effects are desirable, since specific remedies for malignant tumors have 
not yet been developed. However, the lipopolysaccharides cannot be used safely, since their fatal doses are 
very close to the minimum effective doses in the treatment of the tumors. 

From the Journal of Clinical Microbiology, vol. 13(1), pages 49 to 53, 1981 (Chemical Abstracts, vol. 94, 
No. 20 35 41 r, 1981 ), it is known to immobilize lipopolysaccharides by using different insoluble carriers. The 
is carriers mentioned are ion exchange resins such as Dowex® 1-X2, polystyrene and activated charcoal 
which absorb lipopolysaccharide from an aqueous solution. An ionic binding or affinity interactions 
between groups of the insoluble carrier and groups of the lipopolysaccharide cause the binding between 
the insoluble carrier and the lipopolysaccharide. It can be gathered from the page 51, Table I and from the 
page 52, left-hand column, lines 5 to 8 of the last paragraph that the endotoxin-bound polystyrene was 
20 incubated at 37°C for 1 h with serum, but only 85% of the endotoxin was still bound to the polystyrene, so 
that about 15% of the endotoxin was released. Also in the case of the endotoxin bound to an anion 
exchange resin, it is to be expected that the endotoxin is released, since the anion exchange resin absorbed 
42% of endotoxin in serum, but 100% of endotoxin in salt solution. Accordingly the lipopolysaccharide is 
bound reversibly and cannot safely be used for the treatment of blood. Furthermore, the amount of 
25 lipopolysaccharide absorbed is very small and amounted to only about 15 ug of lipopolysaccharide per 
gramme of the insoluble carrier (see page 50, left column, lines 41 to 48). . 

From the Journal of Immunology, vol. 126(3), pages 1030 to 1035, 1981 (Chemical Abstracts vol. 94, No. 
137656 d, 1981) the binding of lipopolysaccharide to encephalitogenic myelin basic protein is known. This 
protein is isolated from the central nervous system. The binding of the endotoxin with the protein results in 
30 generation of lower molecular weight aggregates with decreased isopycnic density. This literature does not 
disclose an insoluble carrier. 

Object of the present invention is to provide a blood treating material wherein a high amount of 
lipopolysaccharide can be fixed and which can safely be used. 

The present invention provides a blood-treating material comprising a lipopolysaccharide derived 
35 from cell wails of Gram-negative bacteria and bonded by condensation to an insoluble carrier containing a 
primary and/or secondary amino group or a carboxyl group. 

Further the invention provides a process for producing the blood-treating material characterized by 
reacting a condensing agent with a mixture of the lipopolysaccharide and an insoluble carrier, having at 
least one group selected from a primary or secondary amino group or a carboxyl group. 
40 The present invention makes it possible to reduce the lethal toxicity of the above-mentioned 
lipopolysaccharides and provide a blood-treating material that can be used safely for therapy of cancer, 
because this blood-treating material has antitumor effects similar to those of the lipopolysaccharides 
derived from cell walls of Gram-negative bacteria but has no fatal effects. 

The lipopolysaccharides derived from cell walls of Gram-negative bacteria herein are lipid- 
45 polysaccharide complexes or lipid-polysaccharide-protein complexes localized in the outer layers of the 
cell walls of Gram-negative bacteria including Gram-negative cocci such as Neisseria gonorrhoeae, 
Gram-negative aerobic bacilli such as Pseudomonas aeruginosa, Brucella abortus and Bordetelia pertussis 
and Gram-negative facultative anaerobic bacilli such as Escherichia coll, Saimoneiia typhi, Shigella 
dysenteriae, Klebsiella pneumoniae, Serratia marcescens, Proteus vulgaris. Yersinia enterocolitica and 
so Vibrio cholerae. These lipopolysaccharides can be extracted from the Gram-negative bacteria by known 
processes. As typical processes, there may be mentioned the phenol-water extraction process (Otto 
Westphal et al., Z. Naturforsch., 7B: 148—155(1952)), trichloroacetic acid extraction (A. Boivin and L 
Meserobeanu, Comp. Rend. Soc. Biol., 128, 5 (1938)), butanol extraction (D. C. Morrison and L Leive, J. 
Biol. Chem. 250, (3) 2911 (1975)) and ethylenediamine-tetraacetic acid-water extraction (L Leive et al., J. 
55 Biol. Chem., 243, 6384 (1968)). From the viewpoint of easiness of the immobilization it is preferred that the 
lipopolysaccharides have a protein content of 0.1 to 50%, particularly 1 to 20%. The molecular weights of 
the lipopolysaccharides vary, depending on the measuring method and conditions generally, in the range 
of several thousands to several millions, since their molecules are liable to associate with each other. 
The insoluble carriers herein involve substantially insoluble carriers having a primary and/or 
60 secondary amino group, or a carboxyl group and release no toxic substance under the blood-treating 
conditions. 

The insoluble carriers consist of aromatic polymeric material containing a primary and/or secondary 
amino group or a carboxyl group as the substituent on the aromatic nucleus. Suitable carriers used in the 
present invention include, for example, (1) polystyrene or styrene/divinylbenzene copolymer in which a 
■65 primary and/or secondary amino group, or carboxyl group has been introduced as a substituent into the 
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aromatic nucleus, (2) the same carrier as in the above item (1) but containing methylene-crossiinked or 
sulfone-cross-iinked polystyrene used in place of the polystyrene, (3) acrylic acid/acrylonitriie copolymer, 
(4) acrylic acid/styrene copolymer, (5) nylon 6, (6) nylon 6.6, (7) polyethylene terephthalate, (8) carboxyl 
group-containing insolubilized cellulose and (9) aminoethyiated cellulose. Among them, carriers 

5 containing a vinyl polymer as the backbone polymer and particularly those containing a styrene polymer as 
the backbone polymer are preferred, since they have high acid and alkali resistances. 

The form of the insoluble carriers is not particularly limited provided that they have an adequate 
surface area and a sufficient mechanical strength to withstand external forces during their use. Generally, 
they are used in the form of granules, fibres, films, hollow filaments and membranes. The fiber is especially 

70 an island-in-sea type composite fiber. The fiber is used in form of non-woven fabric, paper, woven fabric or 
knitted fabric. 

According to the present invention, the lipopolysaccharide may be immobilized on the insoluble carrier 
by any process wherein the condensation reactivity of the primary and/or secondary amino or carboxyl 
group of the insofuble carrier is utilized. In the process according to the invention (1) a condensing agent for 
;s peptide synthesis is added to a mixture of the insolubie carrier and an aqueous solution of the 
lipopolysaccharide, or (2) a carboxyl group-containing insoluble carrier is treated with N- 
hydroxysuccinimide N-hydroxy-5-norbonene-endo-2,3-dicarboximide or 1-hydroxybenzotriazo!e. Then the 
condensing agent for peptide synthesis and then the carrier is mixed with the lipopolysaccharide solution. 

As the condensing agent for the peptide synthesis, there may be mentioned 1-ethyl-3-(3-dimethyi- 
2 o aminopropyl) carbodiimide, 1-cyclohexyl-3-(2-morpholinoethyl)carbodiimide 1-cyclohexyl- 
3-{2-morpholinoethyl)-carbodiimide metho-p-toluenesuifonate, N,N'-dicycIohexylcarbodi?mide and 
Woodward reagent K. 

As for the density of the lipopolysaccharide immobilized on the insoluble carrier in the present 
invention, it is desirable to immobilize at least 10 ug, more preferably 1 mg of the lipopolysaccharide per 
25 square meter of the surface area of the carrier, since if the immobilization density is too low, a large amount 
of the carrier is required. Accordingly, when the insoluble carrier has a surface area of 0.01 to 100 m 2 /g, it is 
preferred that at least 0-1 miliiequivaients/g of the primary and/or secondary amino group or carboxyl 
group is contained therein. 

The blood-treating material of the present invention may be used in such a way that it is charged into 
30 an extracorporeal circulation column and contacted with the whole blood or blood plasma continuously or 
intermittently or, alternatively, the blood-treating material is charged into an injector, then the whole blood 
or plasma is sucked therein and the resulting liquid is returned into the body. 
The following examples further illustrate the present invention. 

35 Example 1 

Preparation of insoluble carrier 

50 g of an islands-in-sea type composite fiber {having 16 islands, single fiber titre of 2.6 den, tensile 
strength of 2.9 g/den, elongation of 50%) comprising 50 parts of a polypropylene (Mitsui "Noprene"® 
J3HG) as an island component and a mixture of 46 parts of a polystyrene ("Styron"® 666) and 4 parts of a 

40 polypropylene (Sumitomo "Noprene"® WF-727-F) as an island component were immersed in a mixed 
solution of 50 g of IM-hydroxymethyi-a-chloroacetamide, 400 g of nitrobenzene, 400 g of 98% sulfuric acid 
and 0.85 g of paraformaldehyde and the reaction is carried at 20°C for 1 h. The fiber was removed from the 
reaction liquid and placed into 5 I of ice/water at-0°C to terminate the reaction. The fiber was washed with 
water and then nitrobenzene was removed from the fiber by extraction with methanol. The fiber was dried 

45 at 50°C in vacuum to obtain 71 g of chloroacetamido methylated fiber. Then, 40 g of the fiber were 
immersed in ethylenediamine at 15°C and a reaction was carried out at 15 to 20°C for 24 h to obtain 
ethylenediaminoacetamidomethylated fiber. The fiber containing 1 .8 mmol/g of an ethylenediamino group 
had primary and secondary amino groups but did not have tertiary or quaternary amino groups. The fiber 
had a water content of 1 .0 g per gram (1.0 g) of the dry fiber at pH 7.4. Under this condition, the single yam 

so diameter was 40 to 44 urn. 

Preparation of the blood treating material 

32 g of the above-mentioned amino group-containing polystyrene fiber were swollen by immersing 
the same in 300 ml of water for a whole day and night. The fiber was then mixed with 500 ml of a 0.4 mg/l 

55 aqueous solution of a lipopolysaccharide obtained from Escherichia coli 055:B5 (a product of Difco 
Laboratories Co.; obtained by extraction with trichloroacetic acid; the protein content is 10%). Then, 5.0 g 
of 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide were added thereto in portions while the pH of the 
mixture was maintained at 4.5 to 6.0 with 1N hydrochloric acid and IN sodium hydroxide. A solution thus 
obtained was shaken at room temperature for 2 days. The fiber was taken out and washed with 1 I of water 

so three times. The fiber was then immersed in 1 I of boiling water for 30 rnrn. This immersion was repeated 
three times. The fiber was washed with a 0.07M phosphate buffer solution (pH 7.4) till the pH of the wash 
solution was 7.4 to obtain the fiber on which the lipopolysaccharide was immobilized. 

The concentrations of the lipopolysaccharide in the immobilization mother liquor and the wash 
solution were determined by phenol/sulfuric acid method (wherein 5 ml of concentrated sulfuric acid was 

65 added to a mixture of 1 ml of the sample and 1 ml of a 5% aqueous phenol solution and the absorbance of 
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the mixture at 485 nm was measured). The amount of immobilized lipopolysaccharide was estimated from 
that of lipopolysaccharide remaining in the mother solution. 

The amount of the immobilized lipopolysaccharide was 5.0 mg/g. 

0.6 g of the above-mentioned I ipopolysarcha ride-immobilized fiber were washed with 200 ml of 
5 isotonic sodium chloride solution according to the Japanese Pharmacopoeia and then immersed in 50 ml 
of the same solution. The resulting solution was heated to 38°C for 3 h. Thereafter, the amount of the 
lipopolysaccharide in the isotonic sodium chloride solution was determined by the Limulus-Pregel method. 
The amount was below 1 ng/ml. 

A biological test of the blood-treating material Rbrosarcoma MC-BL was induced in BALB/C mice by 
w inoculation with methylcholanthrene. Five hundred thousand tumor cells were taken and subcutaneously 
injected into the backs of BALB/C mice to obtain tumor-bearing mice. The tumor grew into a size of 2.1 mm 
diameter 5 days after the inoculation, 6.3 mm 10 days thereafter and 8.9 mm 12 days thereafter. 

0.6 g of the above-mentioned I tpopolysacch an de-immobilized fiber {containing 1.0 mg of the 
lipopolysaccharide) prepared in Example 1 were immersed in 20 ml of human plasma at 37°C for 180 min. 
75 The plasma was given to the tumor-bearing mice by intravenous injection 11 days after the inoculation 
(tumor diameter: 7 mm), 13 days and 15 days after the inoculation in an amount of 0.5 ml each time. In one 
mouse out of a total of 10 mice, the tumor was completely necrotized and disappeared. In the balance (9 
mice), a remarkable softening of the tumor was recognized. The same experiments as above were carried 
out using 10 ml of human plasma treated at 56°C for 30 min as a control. In the latter case, necrosis, 
20 softening or bleeding of the tumor was not observed at all. 

Example 2 

0.4 g of the I ipopolysacch a ride-immobilized fiber (2.0 mg of lipopolysaccharide) prepared in Example 1 
were immersed in 40 ml of plasma obtained from 100 BALB/C mice at 37°C for 180 min. The plasma was 
25 given to the tumor-bearing mice obtained in the same way as in Example 1 by intravenous injection 11,13 
and 15 days after the inoculation in an amount of 1.0 ml each time. In one mouse out of a total of 10 mice, 
the tumor disappeared completely. In the rest {9 mice), a remarkable softening of the tumor was 
recognized. 

Example 3 

30 0.2 g of the lipopolysaccharide-immobilized fiber prepared in Example 1 were immersed in 20 ml of 
human plasma at 37 d Cfor 180 min. 0.5 ml portions of the plasma were mixed with 2.5 ml portions of human 
plasma. The mixture was given to the tumor-bearing mice obtained in the same way as in Example 1 by 
intraperitoneal injection 1 1, 13, 15, 17 and 19 days after the inoculation. The tumor disappeared completely 
in 2 mice out of a total of 7 mice. 

35 

Example 4 

Tumor-bearing rabbits were obtained by intradermal injection of 5x1 0 s VX2 tumor cells (suspended in 
0.3 mi of phosphate buffered saline containing 10% fetal calf serum) into the backs of New Zealand White 
rabbits (male). 

40 Blood-treating columns were prepared by filling 0.8 g of bundled blood-treating material or carrier 
obtained in the same way as in Example 1. 

Tumor-bearing rabbits underwent extracorporeal perfusion through the above mentioned columns at 
a flow rate of 15 ml/mtn for 90 minutes via cannulation of the carotid artery and the jugular vein under 
anesthesia (with sodium pentobarbital intraperitoneal injection) 5 days after inoculation. Heparin (500 
45 U/kg-bodyweight of rabbit) was added into the circuit at the beginning of the perfusion. Thereafter, the 
weight of the rabbits and the size of the tumor were examined. Nine tumor-bearing rabbits (group 1 ) were 
used for the blood-treating material and five (group 2) were used for the carrier. Six tumor-bearing rabbits 
(group 3) were observed without extracorporeal perfusion. 

The size of the tumor was calculated by the equation: the diameter of the tumor=(ab) 1/2 where a and b 
50 are the longest diameter of the tumor and the diameter taken rectangular to the longest diameter, 
" respectively. 

Changes of tumor-size and weight of rabbits were shown in Table I and II respectively. 
From these results, it is indicated that the bloodtreating material of the present invention is effective for 
increasing the weight of the tumor-bearing rabbit as well as for decreasing the tumor size. 

55 

TABLE I 

Average diameter of the tumors (mm) 
Group Time after inoculation (day) 



of rabbits 


5 


10 


15 


20 


25 


30 


35 


1 


9.3 


10.5 


11.0 


12.5 


9.2 


7.5 


7.6 


2 


9.2 


11.0 


14.8 


18.2 


23.1 


40.3 


55.5 


3 


9.0 


13.5 


17.6 


20.3 


25.3 


40.9 


57.1 
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TABLE II 
Average weight of rabbits (kg) 
Group Time after inoculation (day) 



5 



10 



of rabbits 


0 


5 


10 


15 


20 


25 


30 


35 


40 


45 


50 


1 


2.17 


2.15 


2.06 


2.10 


2.23 


2.34 


2.45 


2.51 


2.60 


2.72 


2.79 


2 


2.25 


2.23 


2.10 


2.10 


2.11 


2.10 


2.06 


2.03 


1.94 


1.89 


1.82 


3 


2.27 


2.25 


2.22 


2.24 


2.32 


2.38 


2.35 


2.40 


2.23 


2.07 


1.90 



Claims 

1. A blood-treating material comprising a lipopolysaccharide derived from cell walls of Gram-negative 
is bacteria and bonded by condensation to an insolubfe carrier containing a primary and/or secondary amino 

group or a carboxyl group. 

2. A blood-treating material according to Claim 1, wherein the content of the primary and/or secondary 
amino group or the carboxyl group is at .least about 0.1 meq/g of the insoluble carrier. 

3. A blood-treating material according to Claim 1, wherein the insoluble carrier consists of aromatic 
20 polymeric material containing a primary and/or secondary amino group or a carboxyl group as the 

substituent on the aromatic nucleus. 

4. A blood-treating material according to Claim 1, wherein said material is in the form of a fiber or a 
film. 

5. A blood-treating material according to Claim 4, wherein said fiber is an islands-in-sea type 
25 composite fiber. 

6. A blood-treating material according to Claim 4, wherein said fiber is in the form of non-woven fabric, 
paper, woven fabric or knitted fabric. 

7. The blood-treating material according to Ciaim 1, wherein the amount of the immobilized 
lipopolysaccharide derived from ceil walls of Gram-negative bacteria is at least 1 mg per square meter of 

30 the surface area of the blood-treating material. 

8. A process for preparing a blood-treating material characterized by reacting a condensing agent with 
a mixture of lipopolysaccharide and an insoluble carrier having at least one group selected from a primary 
or secondary amino group or a carboxyl group. 

9. The process according to Claim 8, wherein said condensing agent is at least one compound selected 
35 from 1-ethyl-3-(3-dimethyiaminopropyl)-carbodiimid, 1 -cyclohexyl-3-(2-morpholinoethyl)-carbodiimide, 

1-cycIohexyl-3-(2-morpholinoethyl)-carbodiimide metho-p-toluenesulfonate, N,N'-dicyc!ohexylcarbodi- 
imide and Woodward Reagent K. 

10. The process according to Claim 8, wherein said insoluble carrier having carboxyl group is activated 
by at least one compound selected from N-hydroxysuccinimide, N-hydroxy-5-norbornene-endo-2,3- 

40 dicarboximide and 1-hydroxybenzotriazole. 

Patentanspruche 

1. Substanz zur Blutbehandlung, die ein Lipopolysaccharid enthalt, das aus Zellwanden gramnegativer 
45 Bakterien erhaiten worden und durch Kondensation an einen unloslichen Trager, der eine primSre 

und/oder eine sekundare Aminogruppe oder eine Carboxylgruppe enthalt, gebunden worden ist 

2. Substanz zur Blutbehandlung nach Anspruch 1, bei der der Gehalt der primaren und/oder der 
sekundaren Aminogruppe oder der Carboxylgruppe mindestens etwa 0,1 mval/g des unloslichen Tragers 
betragt 

5 0 3. Substanz zur Blutbehandlung nach Anspruch 1, bei der der unldsliche Trager aus eineraromatischen 
polymeren Substanz besteht, die als Substituent an dem aromatischen Kern eine primare und/oder eine 
sekundare Aminogruppe oder eine Carboxylgruppe enthalt. 

4. Substanz zur Blutbehandlung nach Anspruch 1, bei der die erwahnte Substanz die Form von Fasern 
oder einer Folie hat 

55 5. Substanz zur Blutbehandlung nach Anspruch 4, bei der die erwahnten Fasern Verbundfasern des 
"!nseln-im-Meer"-Typs sind. 

6. Substanz zur Blutbehandlung nach Anspruch 4, bei der die erwahnten Fasern die Form von 
Faservlies, Papier, gewebtem Stoff oder Maschenware haben. 

7. Substanz zur Blutbehandlung nach Anspruch 1, bei der die Menge des aus Zellwanden 
so gramnegativer Bakterien erhaltenen, immobilisierten Lipopolysaccharids mindestens 1 mg je Quadrat- 
meter der Oberflache der Substanz zur Blutbehandlung betragt. 

8. Verfahren fur die Herstellung einer Substanz zur Blutbehandlung, dadurch gekennzeichnet, daS ein 
Kondensationsmittel mit einer Mischung aus Lipopolysaccharid und einem unloslichen Trager, der 
mindestens eine Gruppe hat, die aus einer primaren oder einer sekundaren Aminogruppe oder einer 

65 Carboxylgruppe ausgewahlt ist, zur Reaktion gebracht wird. 
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9. Verfahren nach Anspruch 8, bei dem das erwahnte Kondensationsmittel mindestens eine 
Verbindung ist, die aus 1-Ethyl-3-(3-dimethylaminopropyi)-carbodiimid r 1-Cyclohexyl-3-{2-morpholino- 
ethyll-carbodiimid, 1-Cyclohexyl-3-{2-morpholinoethyO-carbodiimidm N,N'-Dicyclo- 
hexylcarbodiimid und Woodward-Reagens K ausgewahlt ist 
5 10. Verfahren nach Anspruch 8, bei dem der erwahnte unldsliche Trager, der eine Carboxylgruppe hat, 
durch mindestens eine Verbindung, die aus N-Hydroxysuccinimid, N-Hydroxy-5-nobornen-endo-2,3- 
dicarboximid und 1 -Hydroxy benzotriazol ausgewahlt ist, aktiviert ist. 

Revendications 

10 

1. Materiau pour le traitement du sang comprenant un lipopolysaccharrde provenant des para is de 
cellules de bacteries Gram- et lie par condensation a un porteur insoluble contenant un groupe amino 
primaire et/ou secondaire ou un groupe carboxyle. 

2. Materiau de traitement du sang sefon la revendication 1, dans lequei fa teneur en groupe amino 
is primaire et/ou secondaire ou en groupe carboxyle est au moins environ 0,1 meq/g du porteur insoluble. 

3. Materiau de traitement du sang seion la revendication 1, dans lequei le porteur insoluble est 
constitue d'un materiau polymere aromatique contenant un groupe amino primaire et/ou secondaire ou un 
groupe carboxyle comme substituant sur le noyau aromatique. 

4. Materiau de traitement du sang selon ia revendication 1, dans lequei ce materiau a la forme d'une 
20 fibre ou d'une peilicule. 

5. Materiau de traitement du sang selon Ia revendication 4, dans lequei la fibre est une fibre composite 
du type lies dans la mer. 

6. Materiau de traitement du sang selon la revendication 4, dans lequei la fibre a la forme d'un tissu no 
tisse, de papier, de tissu tisse ou de tissu tricote. 

25 7. Materiau de traitement du sang selon la revendication 1, dans lequei la quantite de I ipo poly- 
saccharide immobilise provenant des parois des cellules de bacteries Gram- est au moins 1 rng par metre 
carre de ('aire du materiau de traitement du sang. 

8. Procede de preparation d'un mate>iau de traitement du sang, caracterise* en ce qu'il constste a faire 
reagir un agent de condensation avec un melange de I ipo polysaccharide et d'un porteur insoluble ayant au 

30 moins un groupe choisi parmi un groupe amino primaire ou secondaire ou un groupe carboxyle. 

9. Proc6de selon la revendication 8 r dans lequei ('agent de condensation est au moins un compose 
choisi parmi les composes suivants: 1-ethyl-3-{3-dim6thYlaminopropyi)-carbodiimide, 1-cyclo- 
hexyl-3-(2-morpholinoethyI)-carbodiimide, 1-cyclohexyi-3-{2-morphoIinoethyl)-carbodiimide, m&ho-p- 
toluenesulfonate, N,N'-dicyclohexylcarbodiimide et Rdactif Woodward K. 

35 10. Procede selon la revendication 8, dans lequei le porteur insoluble com porta nt un groupe carboxyle 
est active* par au moins un compose choisi parmi les composes suivants: N-hydroxysucctnimide, 
N-hydroxy-5-norbornene-endo-2,3-dicarboximide et 1-hydroxybenzotriazole. 
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